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METEOROLOGY and OCEANOGRAPHY.—Scientific papers pre- 
sented at the joint meeting of the sections of Meteorology and Oceanog- 
raphy, American Geophysical Union. 


The joint meeting of the sections of Meteorology and Oceanography 
during the ninth annual assembly of the American Geophysical Union 
was held in the building of the National Academy of Sciences on April 
26, 1928. The joint meeting was devoted to a symposium and dis- 
cussion on interrelations between the sea and the atmosphere, and the 
effect of these relations on weather and climate. The communications 
presented were on problems related to (a) solar radiation, (b) surface- 
water temperatures, and (c) atmospheric circulation. Reference to 
the papers under (a) will be found in Bulletin 68 of the National 
Research Council, and also to one by Sir Frederic Stupart, J. Patterson, 
and H. Grayson Smith under (b); the other three papers under (b) 
and those under (c) are printed below. 


PrRoBLEMS RELATED TO SURFACE-WATER TEMPERATURE 


Reliability of different methods of taking sea-surface temperatures. 
CuaRr.Es F’, Brooks, Clark University, Worcester, Mass. 

This discussion is based chiefly on observations by the writer during 
46 days at sea in middle and low latitudes of both Atlantic and Pacific, 
and on studies of the deck and engine-room logs of eight steamships. 
Altogether the conditions investigated cover practically the whole 
gamut of marine conditions from iceberg waters to calm tropical seas 
and from heavy storm to quiet weather. 

Sea-surface temperatures, from a meteorological standpoint, involve 
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more than the temperatures of the surface film. While it is the sur- 
face film alone that is in contact with the atmosphere, warming or 
cooling, humidifying or drying the air, the continuation of the influence 
of this sea surface at approximately the same level of temperature 
depends in considerable measure on the temperatures of the general 
surface layer of the sea, the layer that is commonly stirred by the 
wind to depths of 5 to 20 or more meters. ' Therefore, in this discussion 
of the reliability of different methods of taking sea surface tempera- 
tures, I shall include observations both at or near the actual surface 
and at a depth of 5 to 10 meters. 

Two years ago an article of mine on ‘Observing water-surface tem- 
peratures at sea’’ appeared with a summary of the discussion that fol- 
lowed its presentation before the American Meteorological Society in 
Washington three years ago.' There was appended also a comment 
by Mr. F. G. Tingley, Chief of the Marine Division, U. 8. Weather 
Bureau. Even in the low latitudes of the Caribbean Sea, I showed in 
this paper that in March, 1924, the sea was so well stirred by the wind 
that its temperature was within 0.1 degree the same at the surface 
near the bow, at the stern on the side or in the propeller wash and at 
intake depths, 6 or 7 meters. I indicated also that the usual canvas- 
bucket method was beset with numerous sources of error and that when 
air temperatures were appreciably lower than the sea temperature, 
errors of several degrees commonly arise, owing mainly to evapora- 
tional cooling of the bucket; and I found that the errors of condenser 
intake temperature records were appreciable, but less than those of 
the bucket. I concluded that the condenser intake temperature 
records were preferable to the canvas-bucket ones as indications of the 
surface temperatures under most conditions. I was convinced, how- 
ever, that reliance would be placed better on a thermograph record 
than on those of uninterested observers. Mr. Tingley’s studies of the 
canvas-bucket records made at Greenwich Mean Noon specially for 
the Weather Bureau indicated that they were sufficiently reliable, 
when used in fairly large numbers, for showing the changes in tempera- 
ture occurring along the routes covered. But for well-founded marine 
meteorological studies we need to know the actual temperatures as 
well as the changes. With care, the errors of the canvas-bucket and 
condenser intake records can be reduced to insignificant proportions, 
but, unfortunately, that care cannot usually be commanded. 

In the discussion of the paper there was no dissent from the general 


+ Monthly Weather Rev. 64: 241-254. June, 1926. 
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conclusion that seawater thermographs should come into widespread 
use. The experience of several present pointed to the bulb-capillary- 
and-Bourdon-tube type of thermograph as most rugged and generally 
satisfactory, and a condenser-intake pipe installation as best. Some 
question was raised, however, as to how far sea temperatures at 5 to 
7 or 8 meters depth could be used as representing the surface tempera- 
ture in calm weather, especially in summer or in the tropics. A study 
of this question, submitted a year later showed that even in summer an 
accurate record of temperature at intake depth would, with few 
exceptions, represent more closely the slightly higher surface tempera- 
ture than the usual evaporationally cooled canvas-bucket observation 
of the actual surface temperature. 

Since 1925 six seawater thermographs have been placed on American 
and three on Canadian ships—two others are about to be installed. 
These eleven installations, nine of which are in the Atlantic, at least in 
part, are under the auspices of the U. 8S. Weather Bureau,? Clark Uni- 
versity, The Scripps Institution of Oceanography, The International 
Ice Patrol (2), The Carnegie Institution of Washington, the American 
Meteorological Society, the Furness-Bermuda Line, and the Canadian 
Meteorological Office (3). The Canadian Meteorological Office still 
operates its group of three seawater thermographs on the Canadian 
Pacific steamers crossing the Pacific: Thanks to a grant from Clark 
University, it was possible to purchase a Tycos seawater thermograph 
and to travel with it on the FINLAND, on which the Weather Bureau 
had installed it, from San Francisco to New York last May. On this 
voyage I had an excellent opportunity to check the conclusions, just 
summarized, reached after a cruise in the West Indies on the 
EMPRESS OF BRITAIN in February and March, 1924, and to make ob- 
servations in calm weather under a vertical sun. 

The new set of observations made by me on the FINLAND were all 
by the same thermometer, calibrated by Mr. S. Chambers at the 
Scripps Institution of Oceanography. The necessary thermometric 
corrections, 0 to 0°.1C were applied throughout. For obtaining 
samples of sea water a rubber-covered tin bucket of broad cylindrical 
shape and having a capacity of 1.7 litres was dropped from the lowest 
open deck about 9 meters to the water. Experiments with the bucket 
before sailing showed that a full bucket cooled 0°.1C the first minute 
after leaving the water when it was exposed to a wet bulb temperature 


2? The Weather Bureau owns 1, operates another and will soon be caring for 2 more. 
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6°C below the water and to a wind of 9m/s.* The bucket observations 
I made on the ship usually took 30 to 40 seconds from the time the 
sample left the sea till the temperature was obtained. Every set of 
observations included the wet bulb temperature and the wind velocity. 
Under the most extreme conditions it is probable that the bucket cooled 
0°.2 in a one minute observation, but the average conditions were 
only one-quarter as severe. The average negative error for all the 
tin bucket observations is estimated at 0°.03C. Therefore it has 
appeared reasonable to accept the tin bucket temperatures as correct 
without making any allowance for the insignificant cooling. 

The standard observations for checking intake temperature records 
by the engineers and the Tycos seawater thermograph were obtained 
with the same calibrated thermometer and insulated pail as were used 
for the surface data. A large drain faucet was installed for the purpose 
at the base of the intake pump by Mr. Schiffmann, refrigerator engi- 
neer, and from this faucet the temperature of a rapidly filled second 
bucket was obtained. Experiments were made to discover whether 
the heat of the room affected the temperature of this bucket of water 
to an observable degree in the 10 seconds required for an observation. 
No effect was detected. 

In windy weather, when the surface layer of the sea is well mixed, 
table 1 shows that on the FINLAND as well as on the EMPRESS OF 
BRITAIN the difference fore and aft did not exceed 0°.1C more than 
once in 23 comparisons, and averaged 0°.05C. In quiet weather, 
however, under a nearly vertical sun the contrast between the 
warmer surface water sampled near the bow and the deeply stirred 
water in the propeller wash becomes appreciable. The following notes 
made May 10, 1927 at latitude 15°N. in the Pacific, about 40 miles 
from the coast of Oaxaca, Mexico, may be of interest in showing how 
large the differences may become on quiet days and how readily they 
are erased by light winds. 

Today was a bright sunny day, with mostly light airs, and no land in sight. 
The sea temperature was from 84 to 88°F, and I found conditions unequalled 
for certain comparisons of surface and intake depth conditions. I had 
noticed that yesterday afternoon there was no opportunity of obtaining a 
constant temperature by any number of full dips, and suspected then that the 
farther from the ship the bucketful was obtained the higher would be the 


temperature. This afternoon at 2, after much bright sunshine and only a few 
ripples to disturb the surface, I found temperatures of 87.2-87.8 when my 


* Details are presented in the 1928 report of the Committee on Submarine Config- 
uration and Oceanic Circulation of the National Research Council. 
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buckets dipped more than 2 feet from the ship, and 85.3 to 85.5 when actually 
or practically in contact with the side when the sample was obtained. At the 
same time (just after) the propeller upwell (caught square in the middle) 
was 84.0. At 4, after about an hour of wind of B.1 the warm surface layer had 
become mixed so that both near and far the temperatures were 87.0 to 87.2. 
The propeller upwell was 85.6. More wind B.1 to 2 for 2 hours put the ship- 
side temperature constant at 86.6-7, while the propeller upwell was 85.9. 
After two hours more perhaps deeper water was involved in the mixing, for 
the temperature fell to 85.8. A water sampling from the stateroom port-hole 
at 9 showed 85.7 three-quarter hour after the last 85.8 sample on the stern, 
suggesting that the mixing of the top 15 or 20 feet had been fully accomplished 
by 9 p.m., with a wind of 1-2 Beaufort. 


TABLE 1.—Conrrasts tn Sea TEMPERATURE ABOUT A LarGe Sure 1n MOTION 





Shipside near bow vs. prop. 
wash temps. 





°C difference 
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side 


























* When wind was B.2 the case was included here if the force 2 had been immediately 
preceded by light winds. 
* Light winds since morning. 


On the afternoons of three days which were quiet and fairly sunny, 
the forward hauls ranged from 0°.6 to 1°.4 and averaged 0°.9C warmer 
than those from the propeller wash, while dips made by flinging the 
bucket some distance out from the ship (1 to 3 meters) from the lowest 
open deck forward were 0°.6, 1°.9 and 2°.1, or a mean of 1°.5C the 
warmer. In quiet weather other than between noon and 4:30 p.m. 
the range of differences was from 0°.1C warmer forward than aft, 
and the mean of 8 cases 0°.13C warmer forward. Unfortunately, 
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since no lights are permitted on the forward deck, it was impracticable 
to make more than a few comparisons (none of these in calm weather) 
between the ship-side forward and the propeller wash at night. So 
far as all these comparisons may indicate the extreme range of con- 
ditions, from sunny tropical calm to cold stormy weather, it appears 
that the temperatures of samples from the upwell from the propellers 
may be used interchangeably with those from ship-side hauls forward 
except between about 11 a.m. and 5 p.m. in calm sunny weather. 
Another limitation should also be noted. It is sometimes difficult to 
get clean up-well, and there is always a chance of getting a haul con- 
taining some of the hot out-take. In a series of hauls from the pro- 
peller wash I once obtained a temperature 0°.4C higher than the 
general run, and have at times hauled up an oily film. On the side of 
the stern I found the hauls 0°.2 to 0°.4C warmer than forward. Also, 
one fairly quiet sunny day, a range of 0°.5C was noted in a series of 
true propeller-wash hauls, owing apparently to the varying depth 
from which the water was pushed to the surface. 

Table 2 shows that by eye observations the intake drain averages 
0°.05C warmer than temperatures obtained by bucket at the surface 
in stirred water, but that there is no such close correspondence in quiet 
weather, the intake for the mean of three instances being 0°.3 colder 
than the surface at the side of the bow. 


TABLE 2.—Sea TEMPERATURES AT SURFACE Vs. INTAKE Deptu, BY EYE OBSERVATIONS 





Shipside near bow or prop. wash. temps. vs. 
refrigerator intake pump drain faucet 
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* When light winds, propellor wash temperature taken instead of bow side 


temperature. 
> Cf. the larger differences, found earlier in the afternoon, between shipside and 


propellor-wash temperatures, discussed above. 
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Table 3 gives in extenso the same facts as the first part of Table 2, 
the intake thermograph data being used for comparison with propeller- 
wash temperatures. Here the intake is a mean of 0°.03C, a negligible 
amount, warmer than the surface data. 


TABLE 3.—Sea TEMPERATURES AT SuRFACE Vs. INTAKE Depts, By Eyz OBSERVATIONS 
at SurFace (In Propecttor Wash) AND CoRRECTED* THERMOGRAPH 
Inpications (“True InTaxs’’) Betow. S. 8. Frnuanp. 





Hour °C |8am.) 10 12 |2 pm, 4 6 8 10 


a 





Number of cases 


True intake the colder by..{ ; : : : ? 


No difference 0 8 |6 |3 


True intake the warmer by . { ; : : 


14 8 |} 16 ; 12 /|1l 
0.2;—0.2;—0.2) 0 | 0.1 



































* Corrected to pump drain faucet temperatures daily. 


Combining the observations made by myself on the EMPRESS OF 
BRITAIN and on the FINLAND with those by Lieut. Commander Edward 
H. Smith on the mopoc and Tampa‘ we find that except in calm or 
nearly calm weather the temperatures at 5 to 7 meters depth were the 
same, within 0°.2C, as those at the surface 49 times out of 50. Since 
quiet weather is uncommonly met at sea, this fact makes observations 
at either surface or 5-8 meters depth generally sufficient for both. In 
quiet weather, however, surface temperatures may be much higher 
than at 5 meters, the differences exceeding 1°.5C at times.’ Near 
shore these surface excesses of temperature may be greater than any 
met with in the open sea. Observations by the Scripps Institution of 
Oceanography at 5 and 10 miles west of the Institution’s pier at La 
Jolla, Calif., show such surface warming to be the normal condition in 
the warmer months there. According to a summary kindly furnished 
by Dr. G. F. McEwen‘ the mean surface temperature during 35 
fortnights was 0°.66C + 0.1 warmer than the water at a depth of 5 


‘ Monthly Weather Rev. 54: 252-253. June, 1926. 

5 Ibid. p. 252-253; also by surmise from the difference between ship-side and pro- 
peller-wash temperatures, of which I observed an extreme of 2.7°C. 

6 Details in the 1928 report of the Committee on Submarine Configuration and Oceanic 
Circulation of the National Research Council. 
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meters at the station 10 miles out, and for 29 fortnights was 1°.34C 
+ 0.11 warmer than at 5 meters at the station 5 miles from shore. 
The largest fortnightly mean difference was 2°.31C at the 10-mile 
station and 3°.96C at the 5-mile one. Half the fortnights averaged 
more than 0°.6 the warmer at the surface at the 10-mile station and 
more than 1°.1 the warmer at the surface at the 5-mile station. The 
data are for the months March, May, June, July, August, September 
and October during the period 1921-1926. June had the largest aver- 
age difference, 0.92, at the station 10-miles out, while August had the 
largest, 1.95, at the 5-mile station. Owing to the upwelling of cold 
water and the relative lack of storminess here coupled with brilliant 
sunshine, the differences between surface and subsurface temperatures 
should approach the maxima to be found anywhere at sea. 

We may conclude that in calm tropical regions and in periods of 
calm in summer elsewhere actual surface observations are indispen- 
sable. 

Though many methods of taking sea surface temperatures have been 
tried, only two are in widespread use: (1) the reading of the fixed 
mercurial thermometer projecting into the condenser intake of a steam- 
ship, and (2) putting a mercurial thermometer into a sample of water 
obtained with a bucket heaved over the side of the ship. Electrical 
resistance thermometers (a) in condenser intake, (b) touching the in- 
side of the shell of the ship, and (c) trailing behind, have been used but 
found impracticable except when closely supervised.’? Outside expo- 
sures of thermograph bulbs (bulb and capillary type) have been tried 
on the sides of some battleships, I believe, and there is a new keel 
exposure of this type on the carNreGIE. The bucket method has nu- 
merous variations, some involving lowering the thermometer in the 
bucket. 

Condenser intake temperatures are observed once or twice each watch 
by an officer in the engine room. Table 4A provides various checks 
against these temperatures as recorded by the engineer. The differ- 
ence between the two sets on the FINLAND, and especially the poor 
showing of the main engine-room observations need further details. 
(Table 4B). 

One of the engineers told me that temperatures read within 5° would 
be closeenough. His watch probably centered on 10 o’clock, the errors 
for which are about twice those for the other watches. However, he 
came well within a five-degree error. The location or errors of the 


7 Discussion by Dr. H. C. Dickinson. Mo. Weather Rev. 54: 251. June, 1926. 
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TABLE 4.—Conpenser INTAKE TEMPERATURES AS RECORDED BY ENGINEER OBSERVERS 
A. Comparison with quick surface observations in stirred water by C. F. B. 





Intake minus tin bucket °C 2 
! 





EMPRESS OF BRITAIN (once each watch) 20 21 
FINLAND (Main eng.) (once each watch).... 7|8 
FINLAND (Refrig.) (twice each watch) 39 |34 






































B. Main engine-room intake minus probable true intake (corrected thermograph) 
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C. Refrigerator intake minus probable true intake temperature 





Hours—a.m. and p.m. together 





2 4 4&6 6 8 








0.3 2| | Jos 





40.3) — . 0.4 
































D. Corrected fixed refrigerator intake temperature minus pump drain temperature 





°C us| o | 005 | o1 | 02 | o8 | Pott - 








No. of cases 8 4 4 1 1 | 23 0.03 

















* Figures in () were for observations during periods of rapid changes in sea tempera- 
ture. They are not included in the means. 
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main intake thermometer are unknown tome. Two of the officers told 
me that for the log the refrigerator room intake was read instead of the 
main engine-room intake. This may have been true much of the 
time, but the fact that the departure of the mean for the two best 
watches was twice as large as for the regular refrigerator intake record 
suggests that the engine-room intake thermometer was read somewhat 
higher than therefrigerator-room thermometer, owing probably to acom- 
bination of (a) greater heating of the water in the much hotter room, 
(b) larger thermometric error, and (c) greater parallax. (Table 4C.) 

Subtracting from the means the thermometric error of 0°.3C, the 
mean indication of the refrigerator intake is 0 to 0.1°C below the pump 
drain temperature. (Table4D.) A warming averaging 0°.03C seems 
to occur while the water passes from the pump to the intake ther- 
mometer. In connection with the foregoing, this means that the ob- 
servers’ parallax in reading is of the order of 0°.1C. This surprisingly 
small parallax for a thermometer graduated by 2°F is due to the very 
favorable location of the thermometer, about 1 meter above the floor 
in an accessible and well lighted position. The top of the scale is up. 
These observations, consistently good by all the observers, were made 
for checking the thermograph. 

The usual condenser intake record is subject to (a) thermometric 
error, (b) error of parallax in reading, (c) time error (any time within 
a stretch of four hours), (d) personal errors of uninterested observers. 
(a) and (b) are readily determinable, (c) is unimportant except where 
the sea temperatures are changing rapidly, (d) is serious only infre- 
quently. Observations on the EMPRESS OF BRITAIN and FINLAND 
(except for 10 o’clock watch) show 70 to 80 per cent of the intake 
records to be no more than 0°.6C off from the probable true intake 
temperature at the mid-watch hours, 2, 6 and 10. 

The refrigerator intake record is likely to be better than the main 
engine condenser intake, for the refrigerator engineer in charge has to 
keep a closer watch of the temperature. The bihourly record kept on 
the FINLAND was 93 per cent within 0°.6C of the probable true intake. 

The intake thermograph has the great advantages (1) of showing 
when important changes occur, (2) giving a continuous record from 
which any number of observations can be taken, and (3) in being 
free from erratic indications. But it has the disadvantages of being 
expensive and requiring careful attention and needing temperature 
and time checks. Experience on the FINLAND has shown, however, 
that engineers are capable and very willing to operate a thermograph 
and tc make accurate observations for checking it. 
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It is evident from the foregoing discussion of intake observations by 
the engineers that any seawater thermograph that is to obtain reli- 
able data must itself be of such quality that it may be considered a 
standard instrument. The thermograph should have a permanent 
adjustment and it should have pen arm attached directly to the coil 
and hinged so that the pressure of the pen on the paper will not be 
heavy. Joints to transmit the movement of the coil to the pen arm 
are very undesirable, for it is difficult to keep these free from corrosion 
and consequent “freezing.” 

The point of installation should be the intake pipe between the in- 
take value and the pump. If there is a choice the hole should be drilled 
in the side or bottom of the intake pipe so that heated water cannot 
collect about the upper part of the bulb. The capillary should run 
directly from the bulb to the recorder, and any extra length should be 
coiled near the recorder, where it will have approximately the same 
temperature as the recorder. Unusually hot locations for the re- 
corder are to be avoided. According to the experience of the Canadian 
Meteorological Office, the recorder is best placed by bolting it to a 
shelf by the shell of the ship. Here it is relatively cool and free from 
excessive vibration. In any other location a spring suspension and 
guying has been found necessary to dampen the vibrations. 

No matter how accurate the instrument itself may be it should be 
carefully checked at least once each month or two against a thermome- 
ter of known accuracy. Furthermore, since the recorder paper may 
not always be placed tight against the basal flange, and since this 
paper suffers some change in size with changing humidities, accuracy 
demands concurrent observations by engineers once daily or more 
often. From what has been said above, however, it is evident that 
the engineers’ thermometer must be calibrated and the engineers must 
be trained and induced to make careful observations with it. The 
reliability of the bihourly checking observations on the FINLAND has 
already been mentioned. On the caLawarr® the engineer in charge 
makes a particularly careful observation to the minute and fraction 
of a degree once a day and taps the recorder at this time to make a 
vertical mark on the trace. Without such a time mark it is difficult 


8 Detailed comment on the performance of the Tycos thermograph is presented in the 
1928 report of the Committee on Submarine Configuration and Oceanic Circulation, 
National Research Council. 

® Los Angeles to Honolulu. Instrument owned and operated by the Scripps Insti- 
tution of Oceanography. 
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to take due account of the combined effect of clock error and change of 
time with change of longitude. 

Tabulating the thermograph traces is complicated by four variables: 
(1) local time, (2) clock error, (3) departure of check observations from 
the stated hour, and, (4) for the Tycos thermograph at least, varying 
temperature-error rising vs. falling and at different temperatures. 
For the May voyage of the FINLAND I checked the thermograph against 
pump drain faucet temperatures and against time once or twice daily 
-—always about 4:30 p.m., sometimes at 7:30 a.m. in addition. Usu- 
ally every twelve hours, at a recorded time and temperature, the 
engineer in charge, Mr. Schiffmann, tapped the recorder, thus provid- 
ing a ready check against all variables. The thermograph traces were 
tabulated in black by hours and directly above each bihourly reading 
was placed in red the refrigerator intake observation. Finally, the 
more exact corrections that I obtained personally once or twice daily 
were entered in their appropriate places. The hours at which the 
exact correction from one day would give way to those for the next 
were determined by sudden changes of temperature, if any, about 6 
hours before or after the check point, otherwise by the refrigerator in- 
take value, or simply exactly halfway to the next correction. Without 
the pump drain-cock checks it is necessary to average the bihourly 
intake observations approximately by 12-hour periods or by intervals 
having even temperatures on the thermogram, apply the calibration 
correction and heating correction, if any (on FINLAND refrigerator in- 
take this was only 0°.03C. See Table 4D), compare this corrected 
temperature with the indicated one for the central hour, and apply 
the difference throughout the period. 

The corrections for the U. S. Weather Bureau’s thermograph on the 
coamo (New York to Porto Rico) are obtained by comparison with 
eye-observations of condenser intake temperatures on that portion of 
the voyage where the sea temperatures are uniform. These correc- 
tions are then applied throughout the smooth and rough parts of the 
thermograms. 

The common bucket used on commercial ships is a heavy canvas 
one of approximately 2 to 4 litres capacity. The base is heavy wood, 
to make it sink, and the top rim is stiff, to favor a good catch. Full 
catches are not the rule, and the evaporational cooling of the sample 
during the haul and while the thermometer is becoming adjusted may 
be considerable. The evaporational cooling and other errors are ag- 
gravated at night when the observer must carry the thermometer to a 
light. Other materials are sometimes used, e.g. leather and lead. 
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The bucket on the FINLAND was particularly good, as buckets go, 
having a double wall of canvas and a good diameter. It was 26 
centimeters high by 15 centimeters in diameter. Of its height, 2.5 
centimeters was the block of wood forming the bottom. Its capacity 
was 4 litres. 

Table 5A shows that the mean error of all the canvas bucket ob- 
servations on the FINLAND was less than that on the EMPRESS OF 
BRITAIN, probably because chiefly the FINLAND did not encounter so 
many days with air temperature considerably under the sea tempera- 
ture. The FINLAND error exceeds that of the EMPRESS OF BRITAIN 
south of latitude 35. The low deck haul of the rrnLanp vs. the high 
bridge of the EMPRESS OF BRITAIN and the double walls of the FINLAND’s 
bucket should have put its observations to some advantage over those 
of the EMPRESS OF BRITAIN, but the lesser carefulness of the FINLAND’S 
observers, coupled with some guess-work, seems to have offset these 
advantages. Tables 5B and 5C give further details on evaporational 
cooling and the personal element. 

It is striking that for like conditions, the error of the canvas bucket 
observations on the EMPRESS OF BRITAIN (58 cases) and on the FIN- 
LAND (69 cases) should be identical. Note, for both ships, the increas- 
ing evaporational cooling at lower temperatures of the wet bulb rela- 
tive to the sea. The greater cooling effects of stronger winds are of 
secondary importance. 

Nighttime observations are nearly twice as much cooled as the day- 
timeones. The errors of the noontime ‘“‘observation”’ (often not made, 
but guessed) are with one exception the greatest of the daytime errors. 
Significant of the admitted and observed guesswork of the quarter- 
masters on duty at 10 and 12 is the fact that the mean departure for 
the daytime pairs is for this watch the greatest of all. 

There is no reason for believing that these observations on the FIN- 
LAND are not a fair sample of those bucket series made more or less 
listlessly, without the urge of official scrutiny or iceberg menace. The 
crew of the EMPRESS OF BRITAIN, normally crossing the iceberg 
region, did better, considering the poorer bucket and higher haul. 
On both ships the mean error by day was a cooling of about 0°.5C, 
on the FINLAND the mean error by night was a cooling of about 1°C, 
with no seawater thermograph on the EMPRESS OF BRITAIN, no numer- 
ous comparisons at night were practicable on that ship. 70 per cent 
of the canvas bucket observations on the EMPRESS OF BRITAIN were 
within 0°.6C of the probable true surface temperature. After correc- 
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tion for thermometer error, 65 per cent of the FINLAND canvas-bucket 
observations were equally close. 

The bucket method provides the only generally practicable means 
for obtaining the temperature of the actual surface of the sea, but un- 
der present usage it has unsatisfactory inaccuracies. Therefore, how 
to improve method and practice require consideration. In my pre- 
vious paper’? I listed 9 sources of error in the bucket method. I shall 
now add the tenth: guesswork. A brief review of these, with means 
for improvement in each case, may serve as a satisfactory concluding 
section of this paper. 

(1) The bucket is not likely to have the same initial temperature as 
the sea surface. This would be of no consequence if the thermal 
capacity of the bucket were low. This suggests (a) hanging the bucket 
bottom-side up after every observation; or (b) at least making a 
pointed base so the bucket will have to empty; and, (c) where practi- 
cable, the use of water-shedding fiber, metal, rubber, or paraffined 
canvas, instead of water-holding canvas for buckets. Double dips, 
the first to warm the bucket closer to sea temperature, were found 
to raise the temperature by a mean of less than 0°.1C." 

(2) The water sample being hauled up is usually cooled by evapo- 
ration and conduction. This cooling takes place at the free water 
surface in the bucket and by conduction through the walls of the 
bucket. The problem, then, is to reduce the cooling at both 
places. Experiments with a bare and rubber-covered wide tin bucket 
indicated that for a bucket openly exposing a large free surface the 
cooling directly from the surface accounted for one-third the total 
cooling. This probably represents the maximum proportionate cool- 
ing from the water surface that is likely to be found, for the buckets 
used on ships are deeper relative to diameter. Furthermore, they 
rarely come up full. A cover or smaller top than body is the logical 
solution for the cooling of the surface. The rate of cooling through 
the walls of the bucket may be reduced by having the outside of the 
bucket paraffined to shed water, or insulated from the inside. A 
paraffined exterior, providing a dry surface, cannot be so helpful as 
might at first appear, for at sea the wet bulb temperatures rarely get 
many degrees below the dry. For insulation, a rubber covering 
2-4 mm. thick on a tin bucket was found to hold up the cooling wave 
for 1} minutes, or enough time for observation. An outer cone of sheet 


10 Ibid., p. 245 
u Ibid., p. 246. 
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iron insulated by air from the inner water-holding cone, both cones 
being covered, was found by Mr. Benjamin Parry to be twice as effi- 
ciently insulated as was the coverless, rubber-jacketed tin bucket just 
mentioned. Under a 9°C depression of wet-bulb temperature below 
the water temperature, a condition was rarely experienced at sea, 
Parry’s first bucket cooled but 0°.6C in 4 minutes in a brisk wind." 
A full canvas bucket, exposed to a 12°C depression of wet bulb tem- 
perature cooled 0°.6C in 3 minutes in a moderate wind. For an or- 
dinary partial haul at such temperatures this amount of cooling is 
found after only one minute. At sea this bucket gave temperatures 
$°C higher than the canvas bucket on 12 out of 15 simultaneous hauls. 
The other three hauls with the iron bucket gave }° (2) and 3° warmer. 
Parry’s improved bucket, put into experimental use after the first was 
lost at sea, has an inner water vessel with a rubber ball stopper. Its 
readings were $°C higher than the canvas bucket’s for 8 of 19 observa- 
tions made, }° higher once, }° lower once, and the same 9 times, sug- 
gesting that it too was well insulated, and that its rate of cooling may 
be only half that for a full canvas bucket. The average of the 34 
comparisons from January to mid-April, under diverse wind and sea 
conditions and in both middle and low latitudes, comes out insulated 
bucket 0°.4C the warmer—the same as the average error of the canvas 
bucket on the FINLAND. If the typical leisurely bucket haul could be 
speeded from two minutes down to one, and an insulated covered 
bucket used, the evaporational cooling could be reduced to but a 
quarter its present average, or to about 0°.1C. 

Dr. G. F. McEwen’s new metal water bucket, with valves top 
and bottom and lined with hard rubber, cooled but 0°.2C in 12 minutes 
in the shade, with wet bulb depression (below water temperature) 
of 6°.4C and a wind of 6 m/s. There was no cooling observed in 
the first four minutes.“ In four other tests, made by Dr. McEwen, 
there was no cooling in the first four minutes in two and but 0°.04 and 
0°.01C in the other two. 

(3) The thermometer inserted is seldom at the same temperature as 
the water in the bucket. The typical thermometer used is a rather 
large mercurial one in a heavy metal case, the lower part of which is 
closed into a cistern. After an observation, this cistern may not be 
wholly dumped and the water may not evaporate before the next 


12 Further details are presented in the 1923 report of the Comm. on Submar. Config., 


etc., loc. cit. 
13 Personal communication. 
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observation. Since the bulb is in the cistern, the original tempera- 
ture of the cistern and its water may have an appreciable effect on 
the indicated temperature. The essential part of a cure is to remove 
the cistern. 

(4) While the thermometer is resting in the bucket further cooling, 
or perhaps heating, of the water sample may take place. For insu- 
lated and covered and, to a less extent, for buckets with water-shed- 
ding exteriors, this further cooling is reduced, but speeding up the proc- 
ess of determining the temperature of the sample is the easiest cure 
for this difficulty. The thermometer should have the quicker re- 
sponding cylindrical instead of the usual spherical bulb. The observer 
should have the thermometer ready to immerse in the bucket at once. 
He should hold the bulb near the middle of the bucket and near the 
top and refrain from stirring the water, thereby mixing the usually 
cooler bottom and side water through the mass, and he should read it 
within a few seconds of the time of immersion. On the FINLAND 
readings were usually made in 45-60 seconds. It is possible to ob- 
tain the temperature only 20 seconds after the sample leaves the water. 
At night the entire bucket should be carried at once to the nearest 
light and the thermometer read there while its bulb is still in the 
water. 

(5) When the thermometer is read it may not have reached the 
temperature of the water in which it is immersed. This is unlikely, 
but can be obviated by a quickly responding thermometer. 

(6) If the thermometer is withdrawn, to be read more easily, the 
temperature of the very small sample in the reservoir may change be- 
fore. it is observed. Omitting reservoirs from sea-water deck ther- 
mometers should help, for only the least thoughtful observer would 
carry a bare thermometer from bucket to light, and expect it to show 
the water temperature. Anyway, a3°" error is better than a 1° one, 
for it is more easily spotted and discarded. On the FINLAND I saw an 
observer shake the water from the reservoir before reading. 

(7) After the markings and numbers have become indistinct, errors 
of reading may creep in, and it is easy to see the same temperature as 
at the last reading. A bottle of thermometer-marking ink should be 
part of the ship’s equipment. 

(8) The thermometer should be calibrated, and its errors noted in 
each log. A spare thermometer with known errors should be carried. 


14 Case reported for P. E. James, in loc. cit., p. 247. 
18 See Table 4C above. 





pEc. 4, 1928 METEOROLOGY AND OCEANOGRAPHY: AM. GEOPHYS. UNION 543 


On the FINLAND the thermometer in use during the first few days was 
0°.9F too high at the temperatures than prevailing. Before com- 
parisons were made at higher temperatures this thermometer first 
suffered a 4°F separation of the mercury column—dmuch to the ele- 
vation of a few observations, and then was broken when an observer 
tried to cure the trouble by heating. A galley thermometer brought 
into use for the remainder of the voyage was ?°F too high in the eighties 
and 3°F too low in the fifties, with intermediate errors between. 

(9) There is a slight chance that the quartermaster may forget 
what the reading was by the time he gets to the log-book, and simply 
repeat the preceding figure. A hand pad for the observations would 
fix this. 

(10) Observers may prefer guessing to observing. On the FINLAND 
two quarter-masters openly admitted guessing the sea temperature, 
usually 1°F above or below the air temperature. They had the 8 to 
12 watch (see Table 5C). In justification they said such observa- 
tions were of no consequence in waters not infested with icebergs and 
that towards noon, especially, they had too much to do to bother with 
the unimportant bucket observation. I was told by others, that 
some ship captains wouldn’t have bucket observations—they were 
so far off in cold weather, and that some deck logs were filled in for 
bucket temperatures from the condenser intake temperatures of the 
engine-room log. Other quartermasters are faithful to the last degree. 
If the officers and observers could all be shown the value of the obser- 
vations to investigators when accurately made, and how they were 
worse than worthless when guessed, this difficulty would be reduced. 

The canvas bucket now in common use could be measurably im- 
proved by simply soaking it in melted paraffine and adding a cone 
of lead to its base. The paraffine would keep its heat capacity low, 
provide a water-shedding exterior, and increase the stiffness. The 
lead would make it sink better on striking the water and would pre- 
vent leaving the bucket in a standing position with residual water 
after an observation. 

The bucket observation can be made reasonably accurate chiefly 
(1) by getting the observers more interested; (2) by having dry or 
insulated, non-collapsing buckets; and (3) by doubling the speed of 
the observation, both by quicker handwork and by using quicker 
thermometers. 

Sea-surface temperatures both at the actual surface and at a depth 
of say, 5 to 8 meters (15 to 25 feet) are needed by the meteorologist 
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who wishes to know the immediate temperature and vapor effects of 
the sea surface on the air and the general storage of readily available 
heat in the stirred surface layer. Observations on four ships showed 
that except in calm or nearly calm weather the temperatures at 5 to 7 
meters depth were the same, within 0°.2C, as those at the surface 49 
times out of 50. Since quiet weather is uncommonly met at sea, 
this fact makes observations at either surface or 5 to 8 meters depth 
generally sufficient for both. In quiet weather, however, surface 
temperatures are much higher than those at 5 meters, the differences 
amounting to as much as 1°.5C at times. Therefore, in calm tropical 
regions and in periods of calm in summer elsewhere actual surface 
observations are indispensable. 

The methods most commonly employed for obtaining these sea 
temperatures are the bucket and the condenser-intake. A thermome- 
ter fixed in the condenser-intake pipe is read by an engineer at any 
time once during each watch. These readings are commonly sub- 
ject to a mean error of 0°.2 to 0°.5C or more due to parallax and other 
coarseness in reading by an observer interested only in the general 
temperature of the water that is chilling the exhaust steam. Since the 
actual hour of his observation is not recorded, the best that can be 
done is to assign the record for each watch to the middle of it. The 
temperatures so assigned come within 0°.6C of the actual in about 
2 of the cases. Refrigerator intake observers on the FINLAND under 
favorable conditions averaged 93 per cent within 0°.6C of the actual 
temperature, during a 17-day voyage. A thermograph attached to 
the intake provides the most satisfactory service for continuity and 
accuracy, though not without due care and checking. 

Bucket observations are usually made with a cylindrical canvas 
bucket of about 4 litres (1 gal.) capacity. The bucket is dropped 
from an open deck forward, hauled up and a thermometer used to 
obtain the temperature of the water. Cooling of the sample in the 
air is the chief source of error. The average error by day is about 
0°.3C (too low) in weather when the wet bulb temperature is not 
much below the sea temperature (the average of observations equator- 
ward of latitude 35), and up to several times this in severe weather. 
The average error at night on the FINLAND was 1°.1C (too cool) (vs. 
0°.4C day) for a voyage from San Francisco to New York in May. 
The larger cooling at night is owing chiefly to the observer withdraw- 
ing the thermometer from the bucket to take the instrument to a 
light where he could read it. Some observers when pressed record a 
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fictitious temperature instead of using the bucket. Like the engi- 
neers’ observations, about % of the daytime bucket observations 
were found correct within 0°.6C. The bucket observation can be 
improved chiefly by more interest, an insulated bucket, and more 
speed. 

Accurate observations of surface temperatures and of those at 5 to 
8 meters depth are both needed wherever and whenever the weather 
iscalmand sunny. Bucket observations show surface temperatures to 
within 0°.5 and intake observations show the deeper temperatures 
with the same accuracy about two-thirds to three-fourths of the time 
and can be made to do better. General reliance on intake thermo- 
graphs for sea “surface” temperatures is indicated by this study, 
provided that in quiet weather, carefully made bucket or other actual 
surface observations be used to supplement. 


Significance of water-temperature measurements not made exactly at 
the surface. G. F. McEwen, Scripps Institution of Oceanography, 
La Jolla, California. 

The difference between the surface temperature and that at a depth 
of five meters is least in mid-winter and greatest in mid-summer. In 
general it decreases with an increase of latitude and is negligible when 
the wind velocity exceeds about fifteen miles per hour. In the Pacific 


at distances ten to twenty miles off the Southern California Coast the 
temperature at five meters averages 0°.3 or 0°.4C less than that at the 
surface. During summer the difference is about twice this value, and 
during a calm clear day it may be as much as 1°.5C but this is very 
rare. The prevailing ocean winds are stronger farther from shore, 
and their maximum velocity occurs in summer, thus tending to reduce 
the temperature difference between the surface and five meter level 
below that found near shore. 

Owing to the seasonal and regional change in this temperature 
difference, and its relation to meteorological conditions an extensive 
tabulation of data on surface temperatures and corresponding tem- 
peratures at depths of a few meters (those from condenser intakes, 
for example) should provide a means of estimating surface tempera- 
tures from subsurface temperatures. 

An estimate of the accuracy with which the average surface tempera- 
ture of a quadrangle thirty minutes on a side could be determined was 
based upon hourly observations made by the U. S. Destroyer Fleet of 
about thirty ships during a ten day period of maneuvers south west of 
San Diego, California. These temperatures were read from con- 
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denser intake thermometers and were divided into two equal groups, 
in one of which the thermometers were calibrated and the readings cor- 
rected. It did not prove practicable to calibrate those of the other 
group. Average temperatures of each of 141 quadrangles were 
computed from each group. The difference averaged about 0°.1C. 
There were on the average 17 observations per quadrangle, from 
each group. The average difference in temperature of a quadrangle 
found from calibrated thermometers minus that found from uncali- 
brated thermometers was 0°.1C. The probable error of a single ob- 
servation regarded as an estimate of the temperature of one quadrangle 
was 0°.8C. This estimate of error based upon about 5000 observa- 
tions includes errors of reading, differences of position in the quad- 
rangle and differences of time. The range of a group of readings 
corresponding to a single quadrangle was from 4to 10°F. No appre- 
ciable difference was noted between means and medians. In order to 
obtain an estimate of the temperature of a single quadrangle with a 
probable error of 0°.2 about sixteen observations are required. 


The time required for temperature-departures to cross from the west- 
ern to the eastern side of the Pacific, and changes in departures during the 
crossing. G. F. McEwen. 

Surface temperatures observed from Japanese ships and averaged 
by months and five-degree quadrangles have been published by the 
Imperial Marine Observatory at Kobe, Japan. Preliminary compu- 
tations of surface drift have been made at the Scripps Institution from 
these data for the period 1916 to 1920. 

One method was to plot as ordinates the departures from this five- 
year mean for each month using the distance along the direction of 
flow from a selected point, off Japan for example. Find by trial that 
horizontal displacement of one such curve with reference to that cor- 
responding to the curve for one, two, or three months earlier which 
results in the best agreement of peaks and depressions. Thus the 
distance through which the water flows along this stream line in the 
corresponding time interval may be estimated. Sufficiently accurate 
data treated in this way should serve to determine seasonal and re- 
gional variations of velocity. The departures actually found rarely 
exceeded 3°.0C, and were usually less than 2°.0, while not infrequently 
greater differences were found between adjacent quadrangles. Tem- 
perature variations with respect to distance were especially marked 
near the boundaries of the Japan stream. Accordingly data from a 
large number of quadrangles could not be used in computations of 
currents. 
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The most satisfactory pair of curves tested in this way was for 
October and November, 1920, in latitude 323° beginning near Japan. 
Comparing peaks and depressions, assuming no lag, there were 7 
agreements and 11 disagreements. Assuming one month to be re- 
quired for a flow equal to the breadth of one quadrangle, or displacing 
the curve corresponding to November one unit to the left, there were 
15 agreements and 4 disagreements. The length of one unit at this 
latitude is 250 miles, therefore the estimated velocity is about 8 miles 
per day. Other pairs of curves gave approximately the same velocity, 
but the uncertainty did not seem to justify attempting to distinguish 
accurately between different regions or seasons. 

Another method is to select a month and quadrangle in which the 
departure from the five-year mean is reasonably large. Find by trial 
that quadrangle in the general direction of drift having a somewhat 
smaller departure. Then find another farther along the stream-line 
having a still smaller departure, and so on. Make readjustments, if 
necessary to obtain a series of consistently decreasing departures as 
far along the stream-line as possible. Then assume the difference 
in distance between these successive quadrangles was traversed in the 
corresponding difference in time, and estimate the velocity in each 
interval. Actually it was found that the reduction of variability ob- 
tained by using a three month interval (January, February, March 
for the winter season, etc.) resulted in much more consistent results. 
For example in the quadrangle 27°.5 N and 142°.5 E the departure was 
+ 1°.4 in the summer of 1916. Inthe fallit was 0°.8C ata distance of 
540 miles. Nine hundred miles from here it was 0°.6 C in the winter 
of 1917, and could not be detected by spring at an additional dis- 
tance of 900 miles. The estimated velocities are respectively, 6, 10, 
and 10 miles per day, which agree with velocities estimated by the first 
method. The ‘‘Kobe”’ data when treated in this way frequently failed 
to give sufficiently consistent departures to warrant computing the 
velocities. 

Using the stream lines assumed in either of the above methods, 
independent computations of velocity can be made from the difference 
between observed and “normal” surface temperatures, by the method 
explained on pages 230 to 235 of the publication of the Section of 
Oceanography, American Geophysical Union, April, 1927. These ve- 
locities were consistent with those estimated by the above methods. 

These preliminary results indicate that oceanic circulation can be 
computed from temperatures by either of the above three methods. 
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However, care must be used in selecting appropriate intervals of time 
and space in order to reduce the effect of accidental variation. Also, 
the magnitude of the accidental variation in the ‘“‘Kobe’’ data is rather 
large in comparison to the departures dealt with and thus tends to 
complicate the problem. Such data should be carefully examined in 
order to decide whether they are of sufficient accuracy to justify the 
particular use it is intended to make of them. 


ProBLeMs RELATED TO ATMOSPHERIC CIRCULATION 


The effect of surface-winds upon ocean-drift. G. W. LiITTLEHALEs, 
Hydrographic Office. 

The theatre of pure wind-driven currents is in the open ocean where 
the water is deep as compared with the depth to which the effect of 
the wind penetrates and where land masses are remote. When wind 
blows over a tract of the ocean, all the air does not pass over the water. 
The lowest parts of the air in the boundary between the atmosphere 
and the ocean remain in fixed contact with the water, giving rise to 
shearing stresses in overlying parts and generating eddies and turbu- 
lence whose effect is to produce a tangential pressure upon the surface 
of the sea in the direction of the force of the wind. This effect is aug- 
mented by the direct pressure of the wind upon the waves of the sea. 
The rate of drift thus communicated to the surface-waters varies 
directly with the velocity of the wind, relative to the sea and inversely 
as the square root of the sine of the latitude of the place, being approxi- 
mately two percent of the velocity of the wind in high latitudes and 
four percent in low latitudes. 

The deflective force arising from the rotation of the globe, which 
was passive before the motion of the water began, now comes into play, 
so that the direction of the drift does not follow the direction toward 
which the wind blows; but deviates 45° to the right-hand in the north- 
ern hemisphere and 45° to the left-hand in the southern hemisphere. 
And this deviation increases proportionately with the depth. 

Descending from the surface into the depths, the vectors represent- 
ing the velocity and direction of the movement are related to one 
another like the edges of the successive treads of a helical staircase 
whose steps decrease in radial extent in geometrical progression to- 
ward the bottom, in such a manner that the horizontal projection of 
the outer contour of the stair assumes the form of the logarithmic 
or equiangular spiral. That is to say, when the velocity of the cur- 
rent at any depth is denoted by V, and the angle between the direc- 
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tion of the current at the same depth and the direction of the surface 
current by a, there exists the relation V = Ce-, in which C is a con- 
stant and e is the base of the Naperian system of logarithms. When 
the tangential pressure exercised by the wind upon the surface of the 
sea decreases or increases in a certain proportion, the velocity of the 
current in the depths as well as on the surface will decrease or increase 
in the same proportion, while the direction of the motion relative to 
the direction of the wind will remain unchanged. 

At a depth where the current has turned 180°, the velocity has de- 
creased in the proportion e~* = 0.043, or to about one twenty-third of 
the surface-velocity. 

As one twenty-third of the surface-velocity may generally be dis- 
regarded on account of its smallness, it is usual to call the depth, D, at 
which the direction of the current has completed its first half revolu- 
tion, the drift-current depth. In order to compute the drift-current 
depth, it is formulated that the resultant of the frictional forces acting 
upon the upper and lower surfaces of a layer must balance the deflect- 
ing force acting upon the same layer. The deflecting force acting 
upon the layer is for square centimeter 2 A-d-Vw-sin y, where A is the 
thickness of the layer, d the density of the water, V the velocity, w 
the angular velocity of the earth, and ¢ the latitude. 

Likewise, the tangential force acting upon the surface of the water, 
due to the wind, is u-V-2x*A/D? in which w is the virtual coefficient 
of friction. 

Whence 

D = « (u/d-w-sin g)/? 


The drift-current depth thus depends not only upon the coefficient 
of friction but also upon the latitude of the place. If D is 100 meters 
at the Pole, assuming equal coefficients of friction it would be 108 
meters in 60° of latitude, 141 meters in 30°, and 240 meters in 10°. 

It appears from the above equation that D and u are mutually de- 
pendent, and, therefore, as Eckman has pointed out, that D may be 
used in place of u as a measure of the internal friction. This has 
the advantage of simplification, since it has been found, that for prac- 
tical purposes, the drift-current depth may be expressed in feet by 
the equation 

D = 4.5 W/(sin ¢)'” 


in which W represents the velocity of the wind in knots, and ¢ the. 


latitude. 
At a depth of one-fifth of D below the surface, the direction of the 
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current will be deviated one-fifth of + or 36 degrees to the right of the 
direction of the surface current in the northern hemisphere, and to the 
left in the southern; and its velocity will be one-half of the velocity of 
the surface current. Therefore, since the velocity of the surface- 
current is from two per cent to four per cent of the velocity of the 
wind, according to the latitude, and since the direction of the surface- 
current is deviated 45° to the right of the direction toward which the 
wind is observed to blow in the northern hemisphere, and 45° to the 
left in the southern hemisphere, the direction and velocity of the cur- 
rent at the depth D (or any other selected depth) are readily deduced. 

Of vital importance is the question, how long a time is required after 
the beginning of a new wind for the corresponding drift-current to set 
in. The initial influence will set in at the surface in a few minutes, 
and, by the time the waves show the effect of being wind-driven by 
the wind that is then blowing, the drift-current will have penetrated to 
a depth greater than the maximum draft of ships. 

Seeing that the effective movement of the water within the range of 
the drift-current depth is at right-angles to the direction of the wind, 
how comes the concordance between the circulation of the surface- 
winds and the circulation of the surface-currents which is observed 
when comparison is made between wind-charts and current-charts? 
Operating around regions of barometric maxima in the eastern part of 
the temperate zone, both north and south of the equator, in all the 
oceans, where action-centers exist through the accumulation of more 
than the average amount of the atmosphere, the winds induce surface- 
currents in the ocean that move in a clockwise circuit in the northern 
hemisphere and in an anti-clockwise circuit in the southern hemi- 
sphere. In the northern hemisphere, these anti-cyclonic winds will all 
be driving the water to the right-hand and in the southern hemisphere 
to the left-hand, that is, toward the center of the system in each case. 
Under opposing pressures at the opposite ends of the diameters of the 
closed circuit, an elevation is raised. Down the slopes of the elevation 
the water will run under the influence of gravity; but the rotation of 
the globe will cause its course to be deviated to the right-hand in 
the northern hemisphere and to the left-hand in the southern hemi- 
sphere, and when a steady state is reached it will be flowing around the 
central elevation in a clockwise direction in the northern hemisphere 
and in an anti-clockwise direction in the southern hemisphere. 
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A critical review of the work of the Indian Meteorological Service in 
monsoon-predictions. R. HaNson WEIGHTMAN, Weather Bureau. 

From time to time, due to the failure of the southwest monsoon and 
its attendant rains, terrible famines have visited India. With some 
fore-knowledge of such conditions, precautionary steps can be taken 
to provide food, at least, for an otherwise destitute population of many 
millions. It was the urgent needs for such fore-knowledge that in- 
spired careful studies by the meteorologists of that country which cul- 
minated in the issuance by Blanford in 1884 of the first official predic- 
tion for a season in advance. 

Over India there are two phases of the general wind-circulation 
known as the northeast and the southwest monsoon. The former, dur- 
ing which the winds are prevailingly from the northeast, is well estab- 
lished during December and January. The southwest monsoon con- 
sists of two branches, namely, the Arabian Sea current which prevails 
from June to September and the Bay of Bengal current which begins in 
April and ends in September. Between the northeast and the south- 
west monsoons there are transition periods: February to March, 
and October to November. These wind-systems are in harmony with 
the general barometric pressure-distribution; for during the northeast 
monsoon there is abnormally high pressure over Siberia and moder- 
ately high pressure over northern India, while during the southwest 
monsoon very low pressure prevails over and to the northwest of In- 
dia. The southwest monsoon being warm and very moist after its 
long journey over the water, produces copious rains over India as the 
air mounts upslope. The Arabian Sea current brings rainfall to 
Bombay, Gujarat, Rajputana, and even into Punjab, and on the 
windward slopes of the Western Ghats the falls are heavy. The Bay 
of Bengal current passes along the Madras coast, producing showers but 
bearing more generous rains to Orissa, Chota Nagpur, the greater part 
of the Central Provinces, and Central India, and excessive rains to 
Bengal and Assam. At Cherrapunjii in Assam the rainfall averages 
more than 500 inches a year. Over northwest India the amounts '‘di- 
minish greatly, a large part of the precipitation being produced by 
cyclonic disturbances. 

Blanford based his monsoon-predictions on the winter snowfall 
in the nearby Himalayas as an excess of snow had been noted to 
precede seasons of drought in India. His successor, Elliott, recognized 
that Himalaya snowfall exercised only a partial control and attempted 
to increase the reliability of the forecasts by considering pressure in 
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the Indian Ocean, on the assumption that high pressure at Mauritius 
would lead to stronger northward-moving moist winds over India and 
consequently to a more abundant monsoon rainfall. Unfortunately, 
this idea was not in accordance with the facts and was later abandoned. 
For a while, in fact, publication of the forecasts ceased entirely, but 
predictions continued to be made, although treated as confidential 
documents. 

It has been known for some years that the larger variations of sea- 
sonal weather, whether reflected in rainfall, atmospheric pressure, or 
temperature are in general not isolated phenomena, but are linked 
up with variations in other parts of the world, sometimes quite remote. 
This idea has had quite an application in connection with the develop- 
ment of the mathematical formulae of later years for predicting the 
monsoon-rainfall. 

Up to about 1904 graphical or extremely simple mathematical 
methods were employed but in that year it was realized that the prob- 
lem was too difficult for solution by a priori methods and recourse was 
had to examination by statistical methods. It was necessary to find 
empirically what reliable relationships there were between weather 
conditions in various parts of the world before attempting a general 
theoretical discussion. Pursuant to this plan the well-known statis- 
tical method of correlation was developed in addition to the graphs. 

By means of correlation-coefficients, numerical relationships were 
found between meteorological conditions at many different points 
throughout both the northern and southern hemispheres, and also 
between these points and the monsoon-rainfall (June to September). 
Among the most important of the latter are the following: (1) April 
and May pressure in South America (mean of Santiago, Buenos Aires, 
and Cordoba), + 0.42; (2) accumulated snow at end of May to the 
north and northwest of India, — 0.36; (3) May pressure at Mauritius, 
— 0.36; (4) April and May rainfall at Zanzibar, — 0.31; (5) May rain- 
fall at Seychelles, — 0.20. 

The next step was to devise a method whereby some of these more 
important relationships could be brought to bear simultaneously in 
estimating the monsoon-rainfall. This was accomplished by Walker 
in India by means of the multiple correlation-coefficient. It is inter- 
esting to note that the same result was achieved by Carl Pearson in 
England at about the same time. The two men working entirely 
independently and employing different methods obtained exactly the 
same resulting formula. 
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The formule for multiple correlation-coefficients and regression equa- 
tions are given in Yule! and other standard text-books on statistics. 

In 1908 a preliminary formula was worked out for India as a whole 
with regression-equation as follows :? 

Monsoon-rainfall = — 0.20, snowfall accumulation — 0.29, Mauritius 
(May) pressure + 0.28, South American (May) pressure — 0.12, 
Zanzibar (April and May ) rainfall, which gives a multiple correlation- 
coefficient of 0.58. 

Even as high a coefficient as 0.58 does not justify a forecast unless 
the abnormalities are fairly well marked,’ but during the period of 16 
years (1909-1924) this condition was satisfied in 9 years out of 16, 
and in 8 years out of the 9 the rains were in excess or defect when this 
was given by the formula. 

Later in 1914 the rainfall of each of the 33 rainfall subdivisions em- 
ployed in the monthly summaries for India was correlated with (1) 
May pressure in India as a whole, (2) May pressure at Mauritius, 
(3) April and May pressure in South America, (4) accumulation of 
snowfall at end of May to the north and northwest of India, (5) May 
rainfall at Zanzibar and Seychelles, (6) May rainfall in South Ceylon, 
and (7) the rainfall of Java during the preceding cold season 
(October to February), which latter was suggested by the work of 
Hildebrandsson. 

A study of the results showed that the coefficients for the Bay 
Islands, Lower Burma, and Assam were insignificant, while Upper 
Burma depends mainly on South America and Seychelles. For the 
remainder of northeastern India, in which may be included Bengal, 
Orissa, Chota Nagpur, and Bihar, it is characteristic that Seychelles 
is unfavorable but in other respects there is lack of uniformity. If we 
divide the remainder of India roughly into Northwest India and the 
Peninsula, it is fairly conspicuous that, while South America and Zan- 
zibar affect them both materially, snowfall and Ceylon rain have more 
influence over Northwest India than over the Peninsula, while Java 
has more influence over the Peninsula than over Northwest India. 
If we select the subdivisions most characteristic in these respects, we 
may consider that Northwest India comprises the United Provinces 
West, Punjab East and North, Kashmir, the Northwest Frontier 
Provinces and Rajputana. Similarly for the Peninsula we may take 
Gujarat, Central Provinces, Konkan, Bombay Deccan, Hyderabad, 

1G. Unpy Yue. An Introduction to the Theory of Statistics, 8th ed., London, 1927. 


2 Mem. Indian Meteor. Dept. 21(2): 31. 
8’ GrtBERT T. WALKER, Discovery (London) 6: 100. March 1925. 
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and Madras coast north. The subdivisions Mysore, Malabar, Madras 
southeast, and Madras Deccan have been omitted as not sufficiently 
uniform with the rest. 

It was evident, therefore, that by considering the Peninsula and 
Northwest India separately better forecasts could be made than for 
India as a whole, the added reason being that the different independent 
variables showed different relations with these two regions, as 3 indi- 
cated by the following table.‘ 

After a number of trials, the regression-equations set out below 
were found to give the most satisfactory results. 

For the Peninsula a multiple correlation-coefficient of 0.73° was 
obtained, based on the regression-equation: Peninsula rain = 
+ 0.44, South American pressure — 0.29, Zanzibar rain — 0.41, Java 
rain (Oct.-Feb.), while for Northwest India a coefficient of 0.57 was 


TABLE 1.—Correvation-CokFFICcIENTS 





Indian — Snowfall | Zanzibar | Ceylon Java Mauritius 
May merican Accumu-| Rainfall Rain Rain Pres. 


Pressure wee lation May May Oct.-Feb. May 





+.22; +.50| —.88| —.24) —.29| —.20 (a) 
(a) +.47| —.16); —.48/| —.22| —.45| —.21 











(a) Too small to be considered important. 


obtained based on the regression-equation: NW. India rain = + 0.35, | 
South American pressure — 0.21, snowfall accumulation — 0.14, 
Zanzibar rain —0.13, Ceylon rain. 

Even with these improvements, the predictions are subject to con- 
siderable weakness at times as shown by the tabulation which follows, 
giving results® for the period 1891 to 1921 for the Peninsula, which 
has the stronger correlation-coefficient. 

When predicted values fall between the limiting values at the head 
of the columns, the actual departures that occurred are listed in that 
column, being separated however into two groups, one in which the 
predicted and actual departures have the same sign and the other in 
which they have opposite signs. The first part of the table is devoted 
to cases where the predicted departures were positive and the second 
part to cases where the predicted departures were negative. At the 
bottom the percentage of cases in which the correct sign was pre- 

‘ Mem. Indian Meteor. Dept. 23(2): 25. 


5 Mem. Indian Meteor. Dept. 23(2): 26-27. 
® Mem. Indian Meteor. Dept. 23(2): 36-37. 
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dicted is given for groups of cases in which the predicted departures 
exceeded certain amounts without regard to sign, for example, when 
the indicated departure was 3.0 inches or more, the sign of the actual 


departure was the same in 86 per cent of the cases. 


TABLE. 2—Perrormance, INDIAN Monsoon Forecasts (PENINSULA), 1891-1921 





Prediction limits 


0” .0 to 
+0” .9 


+1”.0 to 
+1”.9 


+2” .0 to 
+2” .9 


+3” .0 to 
+3”.9 


+4” .0 and 
over 





Actual departures 


Same} Op- 


po- 


Same | Op- 
po- 
site 


Same} Op- 





po- 
site 





—0.5 


—0.6 


Op- 
po- 
site 


Same 


Same| Op- 
po- 
site 





—0.9* 





No. of cases.... 























Prediction limits 





Actual departures 
and signs 





‘ No. of cases 





























For predicted de- 
parture*® more 


0”.0 


1”.0 





Correct signs 
No. of cases 





68% 
31 





75% 
24 


84% 
19 


867% 
14 

















* Whether plus or minus. 
* Predicted departures differ from actual by 3.0 inches or more. 


In studying the table, it will be noted that one-third of the cases are 
starred indicating that the predicted departures differ from the actual 


by 3.0 inches or more. This may give us pause fora moment. How- 
ever, considering that the main object of the forecast is to indicate the 
abnormally dry years, it will be noted that when the forecasts indicated 
4.0 or more below normal, they were successful in every case, not only 
with regard to sign of departure, but substantially as to amount. 
Perhaps the most outstanding failure was in 1920 when a deficit of 
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10.5 occurred following a prediction of —0.18. Other failures that 
deserve mention were in 1909 when +4.3 was predicted and the actual 
was —0.9; in 1895 when the predicted was +2.1 and the actual —0.6; 
in 1906 when the predicted was —3.6 and the actual was +1.9, and 
in 1908 when the predicted was —1.5 and the actual was +4.3. 

Attention may properly be invited also to the fact that out of the 
" seven cases in which predictions were made for departures between 
+0.9 and —0.9, four had actual departures of 4.0 inches or more 
above normal. 

It seems appropriate to call attention to the statement by Walker’ 
in which he indicated that even if the relationship indicated by the 
correlation-coefficient be fairly high, it will not justify a forecast for 
public consumption and that, unless the chances of success are at least 
four out of five, i.e., with a correlation-coefficient of 0.80, a forecast 
should not be made. 

The results obtained in India justify the issue of the monsoon fore- 
casts for that country, which has conditions regarding its rainy 
season without parallel in other parts of the world. 

Similar methods have been tried in other parts of the world and there 
is every reason to believe that they have their application in the United 
States. 


In conclusion may I urge that Walker’s criterion be followed and 
that caution be exercised in attempting forecasts until we have pros- 
pects of four successes out of five cases. 


The effect of ocean-currents on the climate of continents. ALFRED J. 
Henry, Weather Bureau. 

As every one knows the specific heat of water is much greater than 
that of land, equal volumes being considered. This is equivalent to 
saying that when equal quantities of heat are received upon equal 
areas of land and of water the resulting increase of temperature is 
almost twice as great on land as on water, even when in the case of 
water the heat expended in the process of evaporation is neglected. 
When, therefore, a parallel of latitude runs partly over land and partly 
over water, differences in climate are brought about which would not 
exist if the parallel passed exclusively over a land or a water surface. 
This fundamental fact is the basis of classifying climates into two great 
groups: continental and marine. Briefly the part played by the 
ocean ‘and ocean-currents in climatic changes is that of a great reg- 
ulator and this function is exercised regardless of the speed of 


7 Quart. Journ. Roy. Meteor. Soc. 52: 73-80. 1926. 
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movement of the oceanic waters. The greatest effect is produced, of 
course, when the ocean-current flows from low to high latitudes and 
vice versa, hence the effect is a graded one ranging from a modest in- 
fluence in the case of no current to a very considerable one in the case 
of currents or drifts from low to high latitudes and vice versa. The 
effects naturally diminish with increase of distance from the ocean but 
there is no arbitrary limit at which the effect ceases. 

Ocean-currents that originate in low latitudes and flow poleward, 
as for example, the Gulf Stream in the North Atlantic and the Japan 
Current in the Pacific, are in a class by themselves, since they transport 
large quantities of heat from equatorial regions poleward and in the 
case of the Gulf ‘Stream drift, even to the Arctic Circle and beyond. 
This drift gives us a very striking example of the warming of a conti- 
nent in winter as the direct result of heat borne by an ocean-current. 
Consider, for example, the region along the fifty-second parallel of 
north latitude from the Irish coast at Valentia to Barnaul, Siberia. 
The annual mean temperature in this distance of nearlyfourthousand 
miles diminishes 8°.4 C (15°.1 F) and the January mean is 23°.7 C 
(42°.7 F) lower in Siberia than at Valentia. This is, of course an ex- 
treme case. 

Consider next, an oceanic current that flows in the reverse direction, 
the Humboldt or Peruvian current which flows northward along the 
west coast of South America. The effect of this current is two- 
fold, first, a lowering of the temperature along the neighboring coast 
and, second, a great diminution in the rainfall as explained in the fol- 
lowing: Warm currents flowing from low to high latitudes increase the 
precipitation on neighboring coasts and highlands because the air 
over the water is saturated with water-vapor at a higher temperature 
than that which belongs to the latitude in which it finds itself. Natu- 
rally its temperature departs but little from that of the dew-point of 
air in the higher latitudes, thus favoring precipitation with a small 
reduction in temperature. 

Conversely currents flowing from higher to lower latitudes diminish 
the precipitation because as they gain distance toward the equator, 
the moist air over them has a temperature which is below the normal 
for the latitude. As this air becomes warmed, particularly over the 
neighboring land areas its temperature departs more and more from 
that of the dew-point at which condensation occurs and precipitation 
becomes more and more difficult. The west coast of South America, 
say between the equator and 30° south latitude, has a very small 
rainfall and is practically rainless in northern Chile and southern 
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Peru. The fogs that are a menace to navigation on the west coast of 
North America are a direct result of oceanic temperatures along the 
coast. 

Many other cases might be cited and described but it seems needless 
to do so. 

Just what part the warm ocean-water that is transported to high 
latitude plays in the origin and maintenance of the barometric forma- 
tions that occupy the northeastern parts of both the Atlantic and the 
Pacific has never been evaluated, but it is conceivable that a much 
weakened cyclonic circulation would result if the relatively warm 
water were absent. The climate of high latitudes in both North 
America and in Europe-Asia would then be much different from what 
it is at present. 


CHEMISTRY.—Further aldehyde condensations with diphenyliso- 
thiohydantoin.: Stuart 8. Kinesspury and Kuare. 8. MARKLeEy, 
George Washington and Johns Hopkins Universities. (Com- 
municated by NaTHan R. Situ.) 


INTRODUCTION 


It has been shown by Hann and Markley? that condensation takes 


place between aromatic aldehydes and diphenylisothiohydantoin when 
heated together in glacial acetic acid solution in the presence of anhy- 
drous sodium acetate. The condensation ‘takes place through the 
elimination of two atoms of hydrogen from the methylene group in the 
substituted pseudo-hydantoin and the oxygen of the aldehyde. The 
typical reaction is shown by the following equation.* 


H,C7—S\. | RCH=C—S\, 
RCHO+ | %>CNGH — |  eNC.H, + H.0 
OCN% OC—N* 
C.H; C,H; 
They succeeded in preparing the 5-(aldo)-2-phenylimino-4-thiazoli- 
dones of benzaldehyde, o-nitrobenzaldehyde, furfural, vanillin, chloro- 
vanillin, nitrovanillin, bromovanillin, cinnamic, salicylic, 3,5-dichloro- 
salicylic and protocatechuic aldehydes. The present paper is a 
continuation of that study. 
1 Received October 19, 1928. 
*? Hann and Markey. This Journat 16: 169. 1926. 


* Numbering is according to the recommendation of Bocert and ABRAHAMSON, 
Journ. Amer. Chem. Soc. 44: 826. 1922. 
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EXPERIMENTAL 


The diphenylthiourea and all the aldehydes, with the exception of 
citral, used in these preparations were obtained from Eastman Kodak 
Company and were used without further purification. Borie acid 
absorption‘ and direct titration of the ammonia with N/14.01 sulfuric 
acid was used in the Kjeldahl nitrogen determination. Electric melt- 
ing point apparatus and Wheeler total immersed thermometers, 
standardized by the Bureau of Standards, were used in determining 
the melting points of the compounds. 

Diphenylisothiohydantoin.—The parent substance was prepared by 
refluxing, for three hours, an alcoholic solution of diphenylthiourea 
and monochloracetic acid as directed by Lange.’ After two recrystal- 
lizations from 95 per cent alcohol analysis gave 10.49 per cent nitrogen. 
Theory for diphenylisothiohydantoin is 10.45 per cent. 


Aromatic ALDEHYDE CONDENSATION PRODUCTS 


5-0-Methorybenzal-2 ,3-Diphenylisothiohydantoin.—Two and a half grams 
of diphenylisothiohydantoin and 1.6 grams of o-methoxybenzaldehyde were 
refluxed for 1.75 hours with 25 cubic centimeters glacial acetic acid containing 
5 grams of fused sodium acetate. After 45 minutes refluxing crystals of the 
condensation product began separating from the reaction mixture. After 
the reaction was completed additional acetic acid was added to completely 
dissolve the reaction product and the hot solution filtered with suction. On 
cooling, the 5-o-methoxybenzaldehyde condensation product separated as a 
greenish-yellow, microcrystalline meal. The compound was filtered, washed 
with small portions of cold glacial acetic acid, alcohol and ether, and dried at 
110° for 24 hours. Yield: 3.4 grams; m.p . 296-7°. 

Anal. Subs., 0.2296: cc. of acid, 16. 36. Caled. for C23HisO.N2S: N, 7.25. 
Found: 7.21. 

5-Anisal-2 ,3-diphenylisothiohydantoin.—Two grams of the substituted 
thiazolidone and 1.15 grams of p-methoxybenzaldehyde were refluxed in 
glacial acetic acid for 2.25 hours and the reaction product separated as 
described above. After recrystallization from glacial acetic acid and drying 
at 110° for 48 hours, 1.46 grams of 5-anisal-2 ,3-diphenylisothiohydantoin 
were obtained in the form of long, thin, bright-yellow needles. Heated in a 
capillary tube the compound melted at 199° (97° below the corresponding 
ortho compound) to a brownish yellow liquid. 

Anal. Subs., 0.2203: ec. of acid, 15.28. Caled. for C2:H:s0.N.8: N, 7.25. 
Found: 6.94. 

5-Veratral-2 ,3-diphenylisothiohydantoin.—Two grams of the parent sub- 
stance and 1.35 grams of 3,4-dimethoxybenzaldehyde were refluxed for 1.75 
hours as described above. The reaction mixture was slowly poured into 500 
cubic centimeters of cold water. The precipitate thus formed was collected 
on a Biichner funnel and washed with water. When recrystallized from 


*MarkKLEy and Hann. Journ. Assoc. Off. Agric. Chem. 8: 455. 1925. 
5 Lanag. Ber. deutsch. chem. Ges. 12: 595. 1879. 
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glacial acetic acid 2.34 grams of the veratraldehyde condensation product was 
obtained in the form of very fine, bright-yellow needies, melting at 177-8°. 

Anal. Subs., 0.1646: cc. of acid, 11.07. Caled. for C2;H2.O;N.8: N, 6.73. 
Found: 6.73. 

5-Piperonal-2 ,3-diphenylisothiohydantoin.—Two grams of diphenyliso- 
thiohydantoin were refluxed 3.25 hours with 1.2 grams of piperonal in glacial 
acetic acid solution and the reaction mixture filtered with the aid of a heated 
Biichner funnel. On cooling beautiful dark-yellow needles separated from the 
reaction mixture which were filtered off, washed with water, and recrystallized 
from glacial acetic acid and subsequently from 95 per cent alcohol. From 
the latter solvent it was obtained in the form of bushy rosettes of bright- 
yellow, acicular needles, approximately 1 em. long. Yield: 2.3 grams; 
m.p. 232°. 

Anal. Subs., 0.2131: ec. of acid, 15.28. Caled. for C23Hs0;N2S: N, 7.00. 
Found: 7.17. 

5-p-T olual-2 ,3-diphenylisothiohydantoin.—Two grams of the cyclic ketone 
and 1.0 gram of p-tolualdehyde were condensed after 2 hours refluxing in the 
usual manner. The product separating upon cooling was recrystallized 
from glacial acetic acid and subsequently from 95 per cent alcohol. From 
both acetic acid and alcohol 5-p-tolual-2 ,3-diphenylisothio hydantoin crystal- 
lized in dark-yellow, rather thick, rods, melting at 197-8°. 

Anal. Subs., 0.1549: ec. of acid, 11.68. Caled. for CysHsON.S: N, 7.57. 
Found: 7.54. 

5-p-H ydroxybenzal-2 , 3-diphenylisothiohydantoin.—One gram of p-hydroxy- 
benzaldehyde after 3 hours refluxing condensed normally and separated from 
the reaction mixture on cooling. The product was filtered with suction, 
washed with a large volume of water followed by cold absolute alcohol and 
ether. Upon recrystallization from glacial acetic acid the compound was 
obtained in the form of greenish-yellow, microcrystalline, rhomboidal plates 
which did not melt below 300°. The corresponding ortho compound melted 
at, 249-50°.* 

. Anal. Subs., 0.1809: cc. of acid, 13.73. Caled. for C2H.O.N.S: N, 7.53. 

Found: 7.59. 

$-0-Chlorobenzal-2 ,3-diphenylisothiohydantoin.—The corresponding alde- 
hyde was condensed as usual after 2.75 hours refluxing and after cooling to 
allow the reaction product to completely separate, it was filtered, washed with 
water, alcohol and ether. After recrystallization from glacial acetic acid in 
which the product was only slightly soluble it was obtained as greenish- 
yellow, columnar crystals; m.p. 234-5°. 

Anal. Subs., 0.2253: ec. of acid, 16.38. Caled. for C2H:;ON2SCI: N, 7.17. 
Found: 7.27. 

5-m-N itrobenzal-2 ,3-diphenylisothiohydantoin.—Two grams of parent sub- 
stance condensed with 1.2 grams of the m-nitrobenzaldehyde after 2.5 hours 
refluxing. The separated condensate was filtered, washed with water, 
followed by a few cubic centimeters of absolute alcohol and ether. The yield 
was 1.79 grams of deep orange, short, thin, microscopic needles; m.p. 219—20°. 
The corresponding ortho compound melted at 196-7°.’ 

Anal. Subs., 0.1716. Salicyl-sulfuric acid method. cc. of acid, 18.01. 
Caled. for Cx2H:0;N,S: N, 10.47. Found: 10.50. 


* Hann and Markey. This Journat 16: 172. 1926. 
7 Hann and Markey. Op. cit., p. 173. 
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Symmetrical trinitrobenzaldehyde and hydrocinnamaldehyde failed to 
undergo this condensation. In the case of trinotrobenzaldehyde a brown, 
tarry mass was obtained in the course of a half hour. Hydrocinnamaldehyde 
gave a crystalline reaction product which contained no nitrogen but which 
was not further investigated. 


AuipHaATic ALDEHYDE CONDENSATION 


Previous to this work, one of us attempted to extend the above reaction 
to the aliphatic series of aldehydes but without success. Isobutyl aldehyde 
and citronellal were used but the only product isolated was unchanged 
diphenylisothiohydantoin. In the present study the reaction was attempted 
again, using citral, and it was found to undergo condensation with diphenyliso- 
thiohydantoin with ease anc to give the expected product. Whether the 
failure with the first two aldehydes was due to the fact that they had become 
polymerized upon standing prior to their use or under the influence of the 
reactants is not known. 

5-Citral-3 , 4-Diphenylisothiohydantoin.—Three grams of citral and 5.3 
grams of diphenylisothiohydantoin were added to 25 cubic centimeters of 
glacial acetic acid containing 5 grams of sodium acetate and refluxed for 
4.75 hours. On cooling the whole reaction-mixture soldified. The cake was 
broken up after a second addition of 25 cubic centimeters of glacial acetic 
acid. The fine meal thus obtained was filtered and thoroughly washed 
with water. Final recrystallization from glacial acetic acid gave 2.0 grams of 
the reaction-product in the form of long, thin, greenish-yellow needles; 
m.p. 230°. 

tory Subs., 0.1132: ec. of acid, 7.82. Caled. for C2;sH2ONS: N, 6.96. 
Found: 6.91. 


SUMMARY 


Diphenylisothiohydantoin has been condensed with o-methoxy- 
benzaldehyde, p-methoxybenzaldehyde, 3,4-dimethoxybenzaldehyde, 
piperonal, p-totualdehyde, p-hydroxybenzaldehyde, o-chlorobenzalde- 
hyde, m-nitrobenzaldehyde and the aliphatic aldehyde, citral. The 
condensation products have been analyzed and described. Symmetri- 
cal trinitrobenzaldehyde and hydrocinnamaldehyde did not undergo 
the reaction, neither did the aliphatic aldehydes, citronellal and iso- 
butyl aldehyde. 


PALEONTOLOGY.—A new gastropod from the Miocene of Virginia.' 
JuLIA GARDNER, U. 8. Geological Survey. 
Turritella pilsbryi Gardner, new species 


Shell very large and heavy, acutely conical in outline; spire elevated; 
whorls probably about twenty-five in number, laterally compressed, the lower 
whorls slightly overhanging at the anterior suture. Protoconch not strongly 
differentiated from the conch; first half turn placed almost at right angles to 


1 Received November 1, 1928. 
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the normal plane of coiling; incipient medial carina initiated on the second 
whorl, becoming sharper and more elevated anteriorly and migrating from 
the median horizontal toward the anterior suture; two equal and equi-spaced 
spiral lirations initiated rather abruptly on the fourth whorl between the 
keel and the posterior suture; spirals overridden 
by microscopically fine incremental striae, retrac- 
tive on the posterior portion of the whorl, protrac- 
tive on the anterior portion. Usual sculpture in 
adolescent stages of three narrow, obtuse, but 
prominently elevated lirae, equisized and sym- 
metrically spaced with respect to the sutures; 
tendency toward an anterior migration of the 
prominent spiral sculpture fulfilled on the adult 
whorls. Characteristic adult sculpture of two to 
four primary spirals, the anterior directly behind 
the suture line, and-often (as in the type) much 
lower and less sharply defined than the one or two 
in front of it, the posterior a little behind the 
median horizontal and often ill-defined or evan- 
escent in maturity, the two intermediate spirals 
vigorous, rounded, strongly elevated cords,—the 
continuations of the medial and posterior spirals 
of the earlier whorls; secondary striations fre- 
quently developed particularly on the anterior 
portion of the whorl; base of body whorl sculp- 
tured with crowded, linear lirae. Sutures im- 
pressed on the earlier whorls, slightly undercut 
on the later. Aperture holostomous, transversely 
ovate; outer lip simple, obtusely angulated at the 
base; the inner strongly arcuate. Parietal wall 
glazed. Umbilicus imperforate. 

Dimensions: Altitude, 110.5 mm.; latitude 22.9 
mm. 

Type: U.S. Nat. Mus. No. 325457. 

Type locality: Schmidts Bluff, 44 miles in an 
air line below Claremont Wharf, James River, 
Surry County, Virginia. Zone I of Yorktown for- 
mation, 26 to 34 feet above the base of the bluff. 


: , ; Turritella pilsbryi is remarkable for its large 
Figure 1.—Turritella pils- rr ‘ 
lout and heavy shell, ornamented with ‘coarse spiral 

ryi Gardner, Yorktown for- ~ ; pat 
mation. Adult shell x1, lirae, of which two are characteristically more 
young stage X6. prominent than the rest, the posterior of the pair 
located near the median horizontal, the anterior, 
approximately midway between the median horizontal and the anterior 
suture. The only form with which 7. pilsbryi is readily confusable is the 
Turritella terebriformis of Dall; in the latter, however, the medial portion of 
the whorl is demarcated by a concave area; in the former, as a rule, by the 
posterior of the two most prominerit spirals. 
An interesting evidence of the viviparous nature of the genus is offered in 
the material upon which this type is based: In cleaning one of the larger 
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individuals, a sandy core was shaken out in which forty-seven embryos were 
embedded. As they are obviously the larvae of the same species, and as no 
other shells were present in the core, there seems to be no reasonable doubt 
that they are the young of the individual which contained them. 

I have the pleasure of naming this fine species in honor of Dr. Henry A. 
Pilsbry, for many years the curator of the Mollusca in the Academy of 
Natural Sciences, Philadelphia. 


SCIENTIFIC NOTES AND NEWS 


At the recent meeting of the American Ornithologists Union in Charleston, 
S. C., ALEXANDER WetTMoRE, Assistant Secretary of the Smithsonian Insti- 
tution, was reelected President; T. S. Pater, Biological Survey, Secretary; 
and W. L. McArTesr, Biological Survey, Treasurer. 


Davip Wuite and M. R. CampBELL, of the U. S. Geological Survey took 
part in the meeting of the National Academy at Schenectady and the Second 
International Conference on Bituminous Coal at Pittsburgh. 


Professor Riust ENpo, of the Manchurian Teachers College, Mukden, 
China, will arrive in Washington in January. He plans to spend several 
years in the study of his collections from the Lower Paleozoic of Manchuria, 
obtained during field work under the auspices of the South Manchurian 
Railway, which maintains the college. Professor Endo’s collections repre- 
sent a region from which little had been previously obtained and are expected 


to contribute much to the understanding of the relations between Asia and 
North America in early Paleozoic time. 
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Obituary 


JoserH Sizas DitLer, a member of the Acapremy, well known for his 
studies of the geology of the Pacific Coast, died in Washington, November 
13, 1928. He was born at Plainfield, Pa., August 27, 1850, graduated from 
Harvard University in 1879 and studied at Heidelberg University from 1880 
to 1883. He joined the U. 8. Geological Survey in 1883, serving with that 
organization 41 years, until his retirement from active duty in 1924, His 
interest centered in economic geology and petrography. 


THoMAs CHROWDER CHAMBERLIN, Emeritus Professor of Geology in the 
University of Chicago and a member of the Acapemy, died in Chicago, No- 
vember 15, 1928. He was born at Mattoon, Illinois, September 25, 1843, 
studied at Beloit College and Uriversity of Michigan, and held numerous 
positions of trust during his long life. He left the presidency of the Univer- 
sity of Wisconsin to become head of the Department of Geology at Chicago 
in 1892, retiring from active charge in 1919. Professor Chamberlin was well 
known for his studies of glacial geology in his earlier professional life and later 
for his philosophic discussions of the origin of the earth, in which he proposed 
the planetesimal hypothesis to replace the nebular hypothesis of Laplace. 
His work brought him many academic and scientific honors both in this 
country and in Europe. 


Dr. Evgen AMANDus Scuwartz, the well known entomologist, died in 
Washington, October 15. He was born at Liegnitz, Silesia, April 21, 1844, 
studied at the Universities of Breslau and Leipzig, and came to America in 
1873. In 1877 he entered the government service as entomologist and re- 
mained under the federal government until his death. Dr. Schwartz was one 


of the founders of the Entomological Society, to which he recently presented 
his library, and of the Biological Society of Washington. 








